DUPLICATE 



(12) INTERNATIONA^PPLICATION PUBLISHED UNDER THE PATEj 



(19) World Intellectual Property 
Organization 
International Bureau 

(43) International Publication Date 
6 May 2004 (06.05.2004) 



WdP&r/PTO 2 2 APR 2005 

pOPERATION TREATY (PCT) 

10/532484 

■ililUI 




(10) International Publication Number 

PCT wo 2004/038253 Al 



(51) International Patent Classlflcatlon^: F16H 15/38 

(21) International Application Number: 

PCT/GB2003/003948 

(22) International Filing Date: 

1 1 September 2003 (11. 09.2003) 



(25) Filing Language: 

(26) Publication Language: 



English 
English 



(30) Priority Data: 

0224646.0 23 October 2002 (23.10.2002) GB 

(71) Applicant (for all designated States except US): TORO- 
TRAK (DEVELOPMENT) LIMITED [GB/GB]; 1 As- 
ton Way, I^yland, T^ncashire PR5 3UX (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): DUTSON, Brian, 

Joseph [GB/GB]; 6 Berryfold Way. Astley, T^ldesley, 
Manchester M29 7PT (GB). 



(74) Agent: W.P. THOMPSON & CO; Coopers Building, 
Church Street, Liverpool LI 3 AB (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU. 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC. EE, EG, ES, FI, GB, GD, GE, 
GH, GM, HR, HU, ID, IL, IN, IS, JP, KB, KG, KP, KR, 
KZ, LC. LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, 
MN, MW, MX, MZ, NI, NO, NZ, OM, PG, PH, PL, FT, 
RO, RU, SC, SO, SE, SG, SK, SL, SY, TJ, TM, 'ITM, TO, 
TT. TZ, UA, UG. US, UZ, VC. VN. YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD. SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD. RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, n, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW. ML, MR, NE, SN, TD, TG), 

PubUshed: 

— with iniemational search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations " appearing at the begin- 
ning of each regular issue of the PCT Gazette, 



(54) Title: CONTINUOUSLY VARIABLE RATIO TOANSMISSION UNIT AND METHOD OF ASSEMBLY THEREOF 



IT) 
00 



o 




(57) Abstract: A continuously variable ratio transmission unit is disclosed which comprises a housing (116) and input (102, 106) 
and output (100) discs paired to define first and second toroidal cavities. The discs (100, 102, 106) are mounted to the housing for 
rotation about a common axis. First (1 10) and second (1 12) rollers - or more typically first and second sets of rollers - are respectively 
arranged in the first and second cavities and serve to transmit drive between the input and output discs. First (130) and second ( 148, 
150, 152) actuators act oh the respective rollcis. The first actuator is coupled to a first carrier part (126) which can be mated with 
the housing introducing it to the housing along a direction generally parallel to the variator axis. The second actuator is coupled to a 
second carrier part (146) which can be mated with the housing by inuoducing the second carrier part to the housing along a direction 
non-parallel to the variator axis. 
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DESCRIPTION 



CQNTlPNyOUgy ^Y YAfilABl^E RATIO TMNS MgSION UN?T 



AND METHOD OF ASSEMBLY THEREOF 



The present invention relates to a continuously variable ratio transmission unit 
("variator") and to a method of assembly thereof. 

The general construction of variators of toroidal-race, rolling*traction type 
will be familiar to the skilled person. Typically two toroidal cavities are defined 



rotation about a common axis. Drive is transmitted between the discs by a set of 
rollers in both of the cavities and the inclination of the rollers with respect to the 
discs is able to change in accordance with changes in variator drive ratio. A biasing 
force, along a direction transverse to the disc axis, is applied to each roller by an 
actuator which in existing designs is of hydraulic type. 

Fabrication and in particular assembly of existing variators is somewhat 
complex. The discs, actuators and rollers are typically all mounted in a housing and 
assembling the various parts inside the housing is in current prototypes a somewhat 
time consuming process not easy to iautomate or adapt to production line techniques. 

A first object of the present invention is to provide a variator which is capable 
of straightforward assembly. 

The need to provide for hydraulic fluid supply to the several actuators has 
meant some complication in the machinii^ of the variator' s components, particularly 
the housing. The applicant has previously proposed, in order to simplify 
construction, to form passages for the fluid supply between confi'onting faces of a 



between facing surfaces of a set of variator discs all of which are mounted for 
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multi-part casing - see its published International Patent Application 
PCT/GB99/02968. Nonetheless an additional or alternative object of certain 
embodiments of the present invention is to provide, in a variator, a means of fluid 
supply to the hydraulic actuators which is straightforward in fabrication and 
assOTibly. 

The shape of the variator housing is in many cases a crucial design issue. The 
current need is for variators which can be installed in existing motor vehicle designs. 
Hence in rear wheel drive cars the variator is to be installed in the transmission 
tunnel Both excessive length and width of the variator could be problematic, and in 
particular laterally projecting "lobes" needed in existing designs to accommodate the 
roller control actuators, create installation difficulties. An additional or alternative 
object of the present invention is to provide a variator whose external shape is suited 
to installation in a motor vehicle. 

In accordance with a first aspect of the present invention there is a 
continuously variable ratio transmission xmit ("variator") comprising a housing, a first 
input/output disc pair defining a first variator cavity, a second input/output disc pair 
defining a second variator cavity, the discs being mounted to the housing for rotation 
about a conunon variator axis, at least one first roller disposed in the first variator 
cavity and at least one second roller disposed in the second variator cavity, the rollers 
serving in use to transmit drive between the input and output discs, a first actuator for 
applying a biasing force to the first roller and a second actuator for applying an 
adjustable biasing force to the second roller, wherein the first actuator is coupled to 
a first carrier, the housing and the first carrier being formed such that the first earner 
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can be mated with the housing by advancing the first carrier in a direction along the 
variator axis, and the second actuator is coupled to a second carrier, the housing and 
the second carrier being formed such that the second carrier can be mated with the 
housing by advancing the second carrier along a direction non-parallel to the variator 
axis. 

In accordance with a second aspect of the present invention there is a method 
of constructing a continuously variable ratio transmission unit ("variator") 
comprising a housing, a first input/output disc pair defining a first variator cavity, a 
second input/output disc pair defining a second variator cavity, the discs being 
mounted to the housing for rotation about a conunon variator axis, at least one first 
roller disposed in the first variator cavity and at least one second roller disposed in 
the second variator cavity, a first actuator for applying a biasing force to the first 
roller and a second actuator for applying an adjustable biasing force to the second 
roller, the miethod comprising constructing the first actuator on a first carrier and 
advancing the first carrier in a direction along the variator axis to thereby mate the 
first carrier to the housing, constmcting the second actuator on a second carrier and 
advancing the second carrier along a direction non-parallel to the variator axis to 
thereby mate the second carrier to the housing. 

In accordance with a third aspect of the present invention there is a 
continuously variable ratio transmission unit ("variator") comprising a variator 
housing, a first input/output disc pair defining a first variator cavity, a second 
input/output disc pair defining a second variator cavity, the discs being mounted to 
the housing for rotation about a conunon axis, three first rollers disposed in the first 
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variator cavity and three second rollers disposed in the second cavity, the rollers 
serving in use to transmit drive between the input and output discs, each of the first 
rollers being operably coupled to a respective first actuator and each of the second 
rollers being operably coupled to a respective second actuator, the actuators each 
serving to apply to their associated rollers an adjustable biasing force and each being 
mounted to the variator housing, the second actuators all being arranged to one side 
of a plane containing the variator axis and the first actuators being angularly spaced 
about the axis and thus disposed to either side of the said plane. 

Specific embodiments of the present invention will now be described, by way 
of example only, with reference to the accompanying drawings in which: 

Figure 1 is a somewhat schematic illustration of major components of a 
variator of known general type; 

Figure 2 is a simplified perspective illustration of a variator constructed 
according to the present invention, a variator housing being shown broken away so 
that interior components of the variator can be seen and certain components being 
omitted for the sake of clarity; 

Figure 3 is a view along a radial direction of the same variator, the housing 
again being shown broken away to reveal mterior components; 

Figure 4 is an exploded, perspective illustration of parts of the same variator 
viewed fi'om one end and to one side thereof; 

Figure 5 is a perspective illustration of a first sub-assembly of the variator; 

and 

Figure 6 is a section in an axial plane through an actuator used in the variator. 
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The general construction of a toroidal-race, rolling traction type variator will 
firstly be described with reference to Figure 1. Here, two input discs 12, 14 are 
mounted upon a drive shaft 16 for rotation therewith and have respective part toroidal 
surfaces 18, 20 facing toward corresponding part toroidal surfaces 22, 24 formed 
upon a central output disc 26. Two toroidal cavities are thus formed by opposing 
surfaces ofthe input and output discs. The designation "input" and ^'output" with 
regard to the discs is somewhat arbitrary since torque can be transmitted across the 
variator in either direction (from "input" to "output" or vice versa).. A single output 
disc 26 with two part toroidal faces 22, 24 is shown but two discs, typically back-to- 
back, can serve the same function. The output disc 26 is joumalled such as to be 
rotatable independently ofthe shaft 16. Drive from an engine or other prime mover 
is transferred between input and output discs via a set of rollers disposed in the 
toroidal cavities. A single representative roller 28 is shown but typically three such 
rollers are provided in each cavity. An end load applied across the input discs 12, 14 
by a hydraulic end load arrangement 15 provides pressure between rollers and discs 
to enable the transfer of drive. The discs are coupled to ftirther parts of the 
transmission, typically an epicyclic mixer, as is well known in the art and described 
e.g. in European patent 1 85463. Each roller is joumalled in a respective carriage 30 
which is itself coupled to a hydraulic actuator 32 whereby an adjustable translational 
force can be applied to the roller/carriage combination. As well as being capable of 
translational motion the roller/carriage combination is able to rotate about an axis 
determined by the hydraulic actuator 32 to change the *tilt angle" of the roller and to 
move the contacts between rollers and discs, thereby varying the variator 
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transmission ratio, as is well known to those skilled in the art. 

The illustrated variator is of the type known in the art as *torque control". 
The hydraulic actuator 32 exerts a controlled force on the roller/carriage and for 
equilibrhun this must be balanced by the reaction force upon the roller resulting from 
the torques transmitted between the disc surfaces 18, 20, 22, 24 and the roller 28. 
The axis determined by the actuator 32 is angled to the plane perpendicular to the 
variator axis. This angle is referred to as the "castor angle". The well known result 
of this arrangement is that in use each roller automatically moves and precesses to the 
location and tilt angle required to transmit a reaction torque determined by the biasing 
force from the actuator 32. Reaction torque, in this context, means the sum of the 
torques input to and output from the variator. The force from the actuator 32 is 
controlled by means of a hydraulic circuit through which fluid is supplied to the 
actuators at a variable pressure. 

The present invention is however, applicable to variators of so-called "ratio 
control" type in which roller position is sensed and adjusted to provide a chosen ratio. 

In Figure 2 onward the variator's output disc is seen at 1 00. A first input disc 
102 (half of which is omitted from Figure 2 for clarity) defines with the output disc 
1 00 a first toroidal variator cavity 1 04 and a second input disc 106 defines with the 
output disc 100 a second toroidal variator cavity 108. A set of first rollers 1 10 is 
disposed in the first toroidal cavity. A set of second rollers 1 12 (omitted from Fig. 
2 but seen in Figure 3) is disposed in the second toroidal cavity. In the illustrated 
embodiment there are three first rollers 110 and three second rollers 112. The discs 
100, 102, 106 are joumalled about a variator axis defined by a main shaft, which 
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again is omitted from Figure 2 for the sake of representational clarity but passes 
through bores labelled 1 14 in Figure 3. 

The rollers, discs and shaft are all contained within a housing 116. In the 
present embodiment the housing is a cast and machined metal structure. The shape 
of the housing is well suited to incoiporation into the tunnel of a conventional^ rear 
wheel drive motor car, its end 118 which lies toward the car's engine in use being 
relatively wide but leading via a tapering, frusto-conical transition region 120 to a 
narrower section 122. This housing shape creates potential difficulties in assembly 
of the variator but such problems are avoided in the illustrated embodiment by 
breaking down some major variator components into a set of sub-assemblies, as will 
now be explained. 

A &st sub-assembly 123 is illustrated separately from the housing and other 
variator components in Figure 5 and comprises a first carrier part 124 having in the 
present embodiment a plate 126 with a circular perimeter and a concentric circular 
cut-away 128. Regularly spaced about the plate 126 are three actuator housings 130 
respectively defining three roller control cylinders which are not seen in Figure 5 but 
one of which can be discerned at 132 in Figure 3. In the illustrated embodiment the 
actuator housings 130 are integral with the plate 126, these parts being formed by a 
single casting. However it will be apparent that, for convenience of manufacture, 
these parts could be formed by separate components and bolted or otherwise fastened 
together. A preferred manufacturing technique is to form the actuator housings fi-om 
aluminum, the cylinder bores being hard anodised and not requiring a cylinder liner. 
In the illustrated example the three actuator housings 130 are equally angularly 
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spaced about the variator axis (i.e. are at 120° intervals). A circle indicated at 134 
in Figure S is the centre circle of the first toroidal cavity in the assembled variator. 
As the first rollers 1 10 and their associated piston rods 136 and pistons 138 (seen in 
Figure 3) move, the centres of the rollers are constrained by the variator discs to 
move along the circle 134. The actuator housings 130 are aligned to urge the rollers 
approximately along respective tangents to the circle 134, although it can be seen in 
Figure 3 that the line fi:om the roller centre 140 to the piston centre 142 is inclined 
to the plane of the circle 134 (i.e. to the plane perpendicular to the variator axis) this 
inclination being the aforementioned castor angle. 

A second sub-assembly of the variator comprises a second carrier part formed 
as a carrier block 146. The carrier block 146 carries the actuator housings 148, 150, 
152 associated with the three second rollers 112. Housing 152 is in the background 
and is largely hidden in Figure 3. Note that whereas the first carrier part lies aroimd 
the variator axis, the carrier block 146 lies to one side of flie axis. To put this in more 
precise geometric terms, the block 146 and the actuator housings 148, 1 50, 152 in the 
present example all lie to one side of a plane containing the variator axis. Placing 
three actuators to one side of the variator axis is not new in itself, having been 
disclosed in the applicant's aforementioned International Patent Application 
PCT/GB99/02968, which shows suitable actuator orientation and the fiill disclosure 
of which is hereby incorporated herein by reference. As in PCT/GB99/02968, the 
actuator housings 148, 150, 152 associated with the second toroidal cavity are all 
intersected by a common plane parallel to the variator axis and can be referred to in 
this sense as being "co-planar". 
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Two of the actuator housings 148, 150 are juxtaposed in this arrangement but 
are separated along the direction of the variator axis. The orientations of the second 
actuator housings 148, 150, 152 result in the rollers being equally angularly spaced 
about the variator axis even though their actuators are not. 

To receive the first carrier part 124, the variator housing 1 16 has an axially 
facing recess 1 54 (see Fig. 4) which is circular and concentric with the variator axis. 
To receive the second carrier part 146, the variator housing has a radially facing 
rectangular recess in a region 156. Assembly of the variator is particularly 
straightforward. The two sub-assemblies referred to above can be assembled before 
the carrier parts 124, 146 are mated to the housing 116, after which second carrier 
part 146 is advanced along a direction non-parallel to the housing - in the illustrated 
embodiment this direction is generally radial with respect to the variator axis - and 
so mated with the housing. The first carrier part is advanced along a direction 
generally parallel to the variator axis and is thereby introduced to its recess 156 and 
mated with the housing 116. 

The arrangement of the actuator housings not only allows for convenient 
assembly but also enables them to be arranged in the bell-mouthed housing 1 1 6 in a 
space-saving manner. At the wider region of the housing 116, the first actuator 
housings 130 associated with the first toroidal cavity are at regular angular intervals 
about the variator axis making good use of the extra width and height available here. 
At the narrower region of housing the placement of the second actuator housings 148, 
150, 152 allows them to be fitted into the available space. 

The illustrated arrangement provides for fluid supply to the roller control 
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actuators in a constnictionally convenient manner. In Figure 4 it can be seen that the 
first carrier part forms a manifold for the fluid supply by virtue of two generally 
circumferentially extending channels 1 58, 1 60 formed in the rear face of the plate 1 26 
and communicating with the actuators themselves through axial bores such as 162. 
One of tiie channels 158 conducts fluid to a working chamber of each actuator to urge 
the rollers in one direction (clockwise) while the other of the channels 160 conducts 
fluid to an opposed working chamber of each actuator to urge the rollers in an 
opposite direction (anti-clockwise). The two channels 158, 160 are coimected to 
different regions of a hydraulic control circuit (not itself illustrated) which applies 
two different adjustable pressures thereto in order to control the variator. 

A back plate 1 64 covers the rear face of the plate 1 26 and confines fluid in the 
channels 158, 160. Of course the channels could be machined in the back plate rather 
than, or as well as, the plate 126 if desired. 

The second carrier part 146 can also form a manifold, by virtue of channels 
formed within the part 146 or in its surface, for distribution of hydraulic fluid. 

Looking now at Fig. 6, the construction of one of the actuators used in the 
variator will now be described. The actuator housing is in this drawing indicated at 
700 and is formed by an alummum casting with a hard anodised bore 702 forming a 
cylinder to receive a piston 704. A piston rod 706 connects the piston to a carriage 
708 canying the variator roller 710. The required seal between piston and cylmder 
is maintained by a seal 705 in an annular recess in the piston and some "swashing"- 
angular movement of the axis of the piston/piston rod - is permitted without loss of 
this seal. It can be seen in the drawing that the piston/piston rod assembly is slightly 
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angled to the cylinder as a result of this swashing, which is necessary in order to 
permit the centre of the roller 710 to follow a path which is an arc of a circle, 
corresponding to the centre circle of the toroidal cavity in which the roller runs. 

The actuator is double-acting, having opposed working chambers 714, 716 
on opposite sides of the piston 704. It is necessary to maintain a seal where the 
piston rod 706 emerges from the cylinder despite the lateral movement of the piston 
rod in this region resulting from its swashing motion and this is achieved by a 
floating seal arrangement 714 received in an annular recess 716 and capable of 
limited lateral movement The seal arrangement comprises a ring 718 formed in this 
embodiment of plastics and carryiag an "L" section sealing band 720 biased radially 
. inwardly by a first pre-stressed resihent loop 722 to form a seal against the piston rod 
706 and also biased along an axial direction by a second pre-stressed resilient loop 
724. Lateral movement of the piston rod 706 displaces the seal arrangement 71 4 in 
its recess 716 but does not impair the seal provided. 

Ports 726, 728 are provided in the casting forming the actuator housing for 
fluid supply to the chambers 714, 716. 
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CL AIMS 



1. A continuously variable ratio transmission unit ('Variator") comprising a 
housing, a first input/output disc pair defining a first variator cavity, a second 
input/output disc pair defining a second variator cavity, the discs being mounted to 
the housing for rotation about a common variator axis, at least one first roller 
disposed in the first variator cavity and at least one second roller disposed in the 
second variator cavity, the rollers serving in use to transmit drive between the input 
and output discs, a first actuator for applying a biasing force to the first roller and a 
second actuator for applying an adjustable biasing force to the second roller, wherein 
the first actuator is coupled to a first carrier part, the housiag and the first carrier part 
being formed such that the first carrier part can be mated with the housing by 
introducing the first carrier part to the housing along a direction substantially parallel 
to the variator axis, and the second actuator is coupled to a second carrier part, the 
housing and the second carrier part being formed such that the second carrier part can 
be mated with the housiag by introducing the second carrier part to the housing along 
a direction non-parallel to the variator axis. 

2. A variator as claimed in claim 1 comprising at least three second rollers 
each acted on by a respective second actuator, vs^erein the second actuators all lie on 
the same side of a notional plane containing the variator axis! 

3. A variator as claimed in claim 2 comprising at least three first rollers each 
acted on by a respective first actuator, wherein the first actuators are angularly spaced 
about the variator axis and are tiius disposed to either side of the said plane. 

4. A variator as claimed in claim 2 or claim 3 wherein the second actuators 
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comprise actuator housings which are co-planar. 

5. A variator as claimed in claim 3 or claim 4 wherein the first actuators are 
spaced at equal angular intervals about the variator axis. 

6. A variator as claimed in any preceding claim wherein the actuators are 
hydraulic and the first carrier part comprises a plate lying around the variator axis, 
circumferentially extending fluid supply conduits being formed in or adjacent said 
plate for feeding fluid to/from the first actuators. 

7. A variator as claimed in claim 6 wherein a back plate lies adjacent the first 
carrier part, the fluid supply conduits being formed between faces of the jQrst carrier 
part and the back plate. 

8. A variator as claimed in any preceding claim wherein the housing provides 
an axially facing recess which receives the first carrier part. 

9. A variator as claimed in any preceding claim wherein the housing provides 
a radially facing recess which receives the second carrier part. 

1 0. A method of constructing a continuously variable ratio transmission unit 
("variator") comprising a housing, a first input/output disc pair defining a first 
variator cavity, a second input/output disc pair defining a second variator cavity, the 
discs being mounted to the housing for rotation about a common variator axis, at least 
one first roller disposed in the first variator cavity and at least one second roller 
disposed in the second variator cavity, a first actuator for applying a biasing force to 
the first roller and a second actuator for applying an adjustable biasing force to the 
second roller, the method comprising constructing the first actuator on a first carrier 
part and advancing the first carrier part in a direction along the variator axis to 



wo 2004/0382S3 



PCT/GB2003/003948 



14 



thereby mate the first carrier part to the housing, constructing the second actuator on 
a second carrier and advancing the second carrier part along a direction non-parallel 
to the variator axis to thereby mate the second carrier part to the housing. 

11. A continuoxisly variable transmission unit substantially as herein 
described vsdth, reference to, and as illustrated in, the accompanying dra.wings. 
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